Introduction
Inflammation is the dynamic response of vascularized tissue to injury, and is an important part of the body's defense mechanisms [1] . However, although inflammation is required for homeostasis, excessive inflammation itself may cause disease [2] . In particular, chronic inflammation is accepted as an important underlying condition for tumor development, and is thought to account for the development of approximately 20% of human cancers [3] . Furthermore, many epidemiologic studies have demonstrated a correlation between genetic polymorphisms of inflammation-related genes and an elevated cancer incidence [4, 5] . Tumor necrosis factor-alpha (TNF-α) is an important inducer of the inflammatory response and is regarded as an endogenous tumor promoter [6] . In addition, TNF-α variations at the genetic level have been reported to affect the risk of a variety of diseases including cancer [7, 8] . Therefore, changes in TNF-α function, as a result of genetic variation, may affect lung carcinogenesis. However, additional studies also showed no association of TNF-α polymorphisms with inflammatory diseases [9] [10] [11] . Several studies reported the relationship between TNF-α polymorphisms and lung cancer risk and their results were found to be controversial, possibly due to the small sample size or no consideration of polymorphisms in other sites of the TNF-α gene [12, 13] . Therefore, in the present study, we explored TNF-α genetic polymorphisms in 616 lung cancer patients and 616 lung cancer-free controls. For five selected polymorphisms, the frequency was determined and the association between TNF-α gene polymorphisms No Association between Tumor Necrosis Factor-alpha Gene Polymorphisms and Lung Cancer Risk EHT http://e-eht.org/ and lung cancer susceptibility was examined.
Materials and Methods

Study Population
A total of 616 newly diagnosed lung cancer patients were recruited without age, histologic, or stage restrictions at Chungbuk National University Hospital, Dankook University Hospital, and Inha University Hospital between 2001 and 2003 [14] . The control subjects consisted of 248 non-lung cancer patients admitted to the same hospitals (Table 1 ) and 368 participants in the health checkup program of each hospital. They were individually matched to the cases by sex and age (± 2 years). Detailed information on weight, height, smoking history, family history of cancer, history of diseases including lung cancer, and other socio-economic characteristics, etc., were collected by trained interviewers using a structured questionnaire. The institutional review board (IRB) at the Seoul National University Hospital approved our study protocol (IRB no., C-0602-083-169), and all study participants provided written informed consent. Venous blood samples from all subjects were collected and stored at -70˚C until used for DNA extraction.
Genotyping
In a study with a limited number of subjects, low minor allele frequency of single nucleotide polymorphisms (SNPs) may lead to a null result even though the SNPs are meaningful for the risk of the target disease. Therefore, we first selected nine TNF-α SNPs (rs1799964, rs1800630, rs1799724, rs1800629, rs361525, rs3093661, rs1800610, rs3093664, and rs3093668) that have more than 5% minor allele frequencies based on the SNP500Can-cer database (http://snp500cancer.nci.nih.gov/home.cfm) and then the Dan Stram's haplotype-tagging SNP program (tagSNPsv2.exe) was used to determine the best set of haplotype-tagging SNPs. From this program, five SNPs (-1210C > T, rs1799964; -487A > G, rs1800629; -417A > G, rs361525; IVS1+123G > A, rs1800610; and IVS3+51A > G, rs3093664, r 2 = 0.9432) out of the nine were selected and then successfully genotyped. DNA was extracted from subjects' blood samples using the QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA, USA). SNP genotyping was performed by SNP-IT TM assays (for rs1799964, rs1800629, and rs3093664) using the SNPstream 25K® System (Orchid Biosciences, Princeton, NJ, USA) and single base primer extension assay (for rs361525 and rs1800610) using the SNaPShot assay kit (Applied Biosystems Inc., Foster City, CA, USA) according to previously reported procedures [14] . The designed primers and probes are listed in Table 2 . All genotyping was performed with blinding to the case-control status, and repeated for 5% of the total subjects with a 100% concordance rate.
Statistical Analysis
To identify whether each SNP site was on the Hardy-Weinberg equilibrium (HWE), the observed genotype frequency distribu- EHT http://e-eht.org/ tions were compared with expected ones using the χ 2 -test. Data missing for at least one of the five SNPs were excluded and then individual haplotypes were estimated from genotype data using the PHASE version 2.0.2 [15] . Pairwise linkage disequilibrium among the five polymorphic sites was estimated as relative disequilibrium (D´) [16] . To estimate the odds ratio (OR) with 95% confidence interval (CI) according to TNF-α gene polymorphisms or haplotypes, unconditional logistic regression was used after adjusted for body mass index (BMI) and smoking. For the statistical power calculation, a web-based power calculation program (SISA, http://home.clara.net/sisa/powhlp.htm) was used. SAS version 8.1 (SAS Inc., Cary, NC, USA), was used for all statistical analysis.
Results
Participants were mostly males (78%) and the mean age was 65.3 years (standard deviation [SD] = 10.2 years). The minor allele frequencies of four loci in this Korean population (-1210C, 0.19; -487A, 0.08; -417A, 0.04; and IVS3+51G, 0.04) were shown to be similar to those of the SNP500Cancer database (0.25, 0.08, 0.09, and 0.12, respectively), but the allele frequency of the site IVS1+123G was different between them (Korean, 0.80 and database, 0.10). All genotype distributions were on the HWE (p > 0.05), and the relative D´ between pairs of the five sites showed that all five of the selected sites were strongly linked (D´≥ 0.95, p < 0.01), although the D´ between -1210C > T and IVS1+123G > A showed no linkage (D´= 0.11, p < 0.01).
Family history of cancer was not significantly different between the cases and controls (OR, 1.11; 95% CI, 0.82 to1.49). However, BMI at enrollment and smoking were found to affect the lung cancer risk (BMI: OR, 1.10; 95% CI, 1.06 to1.14; and smoking: OR, 2.40; 95% CI, 1.86 to 3.09). After adjusted for BMI and smoking, the effects of selected TNF-α genotypes on lung cancer risk were evaluated separately. As shown in Table 3 , TNF-α genotypes were not associated with lung cancer risk. When haplotypes were composed of the five TNF-α SNP sites, the effects of each haplotype on lung cancer risk were not found to be significant (p > 0.05) ( Table 4) . Because lung cancer is composed of heterogeneous cell types and baseline characteristics are different according to the cell type, we tried to estimate whether the effects of SNPs or haplotypes on lung cancer risk were different according to cell type of lung cancer (non-small cell lung cancer, n = 520; and small cell lung cancer, n = 96). However, the effects of each SNP or haplotype on lung cancer risk were not found to be different according to cell type of lung cancer (p > 0.05). In the present study, we repeated the analysis with lung cancer patients and controls without other diseases related to inflammation (lung cancer patients, n = 312; and control, n = 368), because other diseases related to inflammation may affect the effect of TNF-α gene polymorphisms on lung cancer risk. In the repeated analysis with only subjects without other diseases related to inflammation, we also found no association between polymorphisms or haplotypes of the TNF-α gene and lung cancer risk (p > 0.05).
To calculate the statistical power of our study results, we used a web-based power calculation program. Using this program, we obtained the statistical power values 88.4%, 89.3%, 93.3%, 69.7%, and 93.9%, for -1210C > T, -487A > G, -417A > G, IVS1+123G > A, and IVS3+51A > G, respectively.
Discussion
The present study showed no association between TNF-α gene polymorphisms and lung cancer risk. Our result that polymorphisms of the TNF-α gene did not affect lung cancer risk is inconsistent with findings from studies that have examined the relationship between several polymorphisms of the TNF-α gene and cancers [12, 17, 18] . However, a previous study reported no association of TNF-α polymorphisms with lung cancer risk [13] . Moreover, previous studies that reported a positive association between TNF-α gene polymorphisms and cancer risk had low statistical power because they had a very small sample size of lymphoma, myeloma, or lung cancer (power, 58.1%, 61.0%, 9.4%, and 1.7%, respectively, for the site of -1210C >T in lymphoma, for the site of -487A > G in myeloma, and for the site of -487A > G or -417A > G in lung cancer). In the present study, the corresponding power values were 88.4%, 89.3%, and 93.3%, respectively, for the sites of -1210C > T, -487A > G, and -417A > G, showing the higher reliability of our data to estimate the effect of TNF-α polymorphisms on lung cancer risk. Furthermore, most of the previous studies did not consider the TNF-α SNPs as a haplotype block in spite of strong linkage among them [12, 17] . To overcome the limitation of previous studies, we used a haplotype-based approach and also found no association between TNF-α haplotypes and lung cancer risk. In addition, we conducted repeated analysis in subjects without other diseases related to inflammation except lung cancer, because other inflammationrelated diseases may affect the effect of TNF-α gene polymorphisms on lung cancer risk. Regardless of the existence or absence of other inflammation-related diseases, we also found no association between polymorphisms or haplotypes of the TNF-α gene and lung cancer risk, indicating that our results are very robust. The strengths of our study include a relatively large sample size of a single ethnic group and higher power values compared with previous studies. Moreover, this report is the first one to try to estimate the relationship between TNF-α haplotypes and lung cancer risk. However, further study is needed to evaluate the effects of TNF-α polymorphisms on lung cancer susceptibility because the present study showed the same direction in the effects of two TNF-α SNPs, -487A > G and -417A > G, on cancer risk as a previous report [12] , although our study showed a statistically insignificant association between TNF-α gene polymorphisms and lung cancer risk with higher power compared with a previous study [12] . In conclusion, we report no association between common variants of the TNF-α gene and lung cancer risk. 
